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Simplified measurement of p-aminohippurate and other aryl-
amines in plasma and urine. A rapid method is described for the
determination of p-aminohippuric acid and other primary
aromatic amines. Deproteinization and acidification of the
sample were effected satisfactorily in one step by the addition
of a buffered 1 .OM dichloroacetate—O.3M p-toluenesulfonate
reagent, at an optimal pH of 1.4 for the subsequent color reac-
tion. This acidic reagent was also heat stable. Recoveries of
p-aminohippurate and other arylamines from plasma were com-
plete with use of this reagent as protein precipitant. Addition of
ethanolic p-dimethylaminobenzaldehyde to the supernatant
resulted in the prompt formation of a yellow complex, which
measured photometrically in accordance with the Beer-Lambert
law. The method was capable of measuring p-aminohippuric
acid, p-aminobenzoic acid, p-aminosalicylic acid and sulfon-
amides containing the free p-amino radical. Urea, at high con-
centration, was the only one of several biological substances
tested, which interfered appreciably with this method for
p-aminohippurate analyses. The endogenous blank values of
urine in this method appear negligible in renal plasma clearance
studies with p-aminohippurate; they were largely removed by
photometric readings at 465 nm rather than at 450 nm, or by
urease pretreatment of the sample. This simplified method should
be useful in analyzing biological fluids for primary arylamines
and especially for the determination of p-aminohippuric acid in
renal function studies.
Determination simplifiée du para-amino hippurate et des autres
amines aromatiques dans Je plasma et l'nrine. Une méthode
rapide de determination de l'acide para-anlino hippurique Ct des
autres amines aromatiques primaires est décrite. La dépro-
téinisation et l'acidification de l'échantillon sont obtenues de
facon satisfaisante en une étape par l'addition d'un réactif
tamponné 1 ,OM dichloroacetate—0,3M p-toluenesulfanate a
un pH optimum de 1,4 pour Ia reaction colorée ultérieure. Ce
réactif acide est thermostable. Les récupérations de para-amino
hippurate et d'autres amines aromatiques dans le plasma sont
totales avec ce réactif utilisé comme défécant. L'addition de
p-dimethylaminobenzaldéhyde éthanolique determine Ia for-
mation rapide d'un complexe jaune qui peut être mesuré par
photométrie suivant Ia loi de Beer-Lambert. La méthode
permet Ia determination de l'acide para-amino hippurique, de
l'acide para-amino benzoique, de l'acide para-amino salicylique
et des sulfamides contenant un radical libre para-amino. L'urée
aux concentrations élevées, est Ia seule parmi diverses substances
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biologiques étudiées qui interfere de facon importante avec cette
determination du para-amino hippurate. Les valeurs de blanc
endogene de l'urine sont negligeables avec cette méthode dans les
determinations du debit plasmatique renal par Ia para-amino
hippurate. Ces valeurs de blanc sont nettement diminuées par Ia
lecture a 465 nm plutôt qu'à 450 nm ou par le pré-traitement a
l'uréase de l'échantillon. Cette méthode simplifiée pourrait être
utile pour l'analyse d'échantillons biologiques contenant des
amines aromatiques primaires et particuliérement pour Ia
determination de l'acide para-amino hippurique dans l'étude
des fonctions rénales.
The Bratton-Marshall method [1], or its slight modi-
fication by Smith et a! [2, 3], is extensively used for
photometric analyses of p-amino aromatic substances
in biological fluids. Such substances include the
sulfonamide therapeutic agents [4], amino-diphenyl-
sulfone antileprosy and antimalaria agents [5], and
p-aminohippuric acid (PAH), commonly employed in
renal clearance techniques to measure effective renal
plasma flow and maximal tubular secretory rate of
p-aminohippurate (TmPAH) [2, 3]. Disadvantages of
the Bratton-Marshall or Smith method are 1) a total
of three reagents [1, 4] or four reagents [2, 3] are
added stepwise, 2) the intervals between mixing of the
last three reagents must be carefully timed [1—4] and
3) the nitrite and sulfamate reagents are unstable [2,
3]. This diazotization methodology is complicated and
time-consuming when numerous analyses are to be
performed, as in renal clearance studies.
P-amino compounds in acidic and ethanolic solu-
tion combine directly with p-dimethylaminobenzalde-
hyde (Ehrlich's reagent) to yield a yellow product. The
color formation is pH sensitive, with an optimal pH
zone [6, 7]. Morris [6] developed the p-dimethyl-
aminobenzaldehyde method for sulfanilamide analyses,
in which control of solution pH near 1.2 to 1.5 was
advocated, by use of a final aqueous mixture of 0.1 25M
acid sodium citrate—0.05M HC1 as buffer. This mix-
ture, however, is a comparatively inefficient or poor
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buffer system at pH near 1.2 to 1.5, since the first acid
ionization constant (pK') of citric acid is 3.09 [8] and
since mixtures of dilute hydrochloric acid (a strong
acid) and its salt do not form a buffer system [9].
The p-dimethylaminobenzaldehyde method was
simplified by Brun [7] for determinations of PAH in
renal function studies. Different analytical procedures
are required, however, for high and low plasma con-
centrations of PAH, and the final reaction solutions
are unbuffered, with different pH values and different
concentrations of chromogenic reagent [7]. We now
describe and validate a simplified and rapid p-
dimethylaminobenzaldehyde method for analyses of
PAH or other primary arylamines. The same method is
applicable to both high ("Tm") and low concentra-
tions of PAH in plasma. This new method incorporates
a buffered protein-precipitating reagent of optimal
and controlled pH for the formation of colored product
and employs only one subsequent reagent.
Methods
Reagents and solutions. 1. Buffered protein precipi-
tant of pH 1.4. This reagent of 1.OM dichloroacetic
acid (DCA)—0.3 M p-toluenesulfonic acid (TSA)—
0.85 M NaOH and of pH 1.4±0.03 is prepared by
dissolving in distilled water 129.0 g of DCA (Fisher,
purified grade), 57.0 g of TSA. H20 (Fisher, certified
grade) and 34.0 g of NaOH pellets (ACS grade) to a
1-liter volume. A slight turbidity in the freshly pre-
pared reagent, which is due to a water insoluble
impurity in the DCA component, is removed by a
final step of reagent filtration through a very retentive
grade filter paper. This reagent has a stable pH for
many months or more.
2. One percent p-dimethylaminobenzaldehyde—57%
ethanolic solution. Five grams of highly purified p-
dimethylaminobenzaldehyde (Fisher, certified and
ACS grade) is dissolved in 300 ml of 95% ethanol, and
distilled water is added to yield a 500-ml final volume.
The solution is colorless and is stable for many months
when stored in a brown bottle at 4 to 7°C.
3. Standard solutions. Dried free p-aminohippuric
acid is dissolved in distilled water to 100 mg/100 ml.
This stock standard of PAH is stable if stored in the
refrigerator. A working standard (e.g., 2 or 4 mg/
100 ml) is made by dilution of the stock standard with
distilled water. Standard solutions were also prepared
from dried p-aminobenzoic acid (PAB), p-amino-
salicylic acid (PAS), sulfanilamide and sulfisoxazole.
4. Other experimental solutions. 1.OM DCA—0.3 M
TSA protein—precipitating reagents of pH 0.55
through pH 2.70 were made in the same manner as the
reagent of pH 1.4 except for the inclusion of no NaOH
(pH 0.55) or of a different amount of NaOH). The pH
of each of these reagent solutions was measured at
25 to 26°C by a pH electrometer. Solutions were also
prepared from analytical grades of urea, creatinine,
imidazole and glycine and (from Sigma Chemical Co.)
lots of allantoin, L-proline, L-tryptophan, 5-hydroxy-
tryptamine creatinine sulfate, 5-hydroxyindole-3-
acetic acid, indole-3-acetic acid, indole, indican
(indoxyl sulfate) and 3-methyl indole. Urease solution
was made by dissolving Sigma type III jack bean
urease (1600 u/g) in 0.05M potassium phosphate
buffer of pH 7.0 to a 2.5 g/l00 ml concentration. It
was stored frozen. For urease action, the urease
solution was mixed with an equal volume of sample
solution, allowed to stand at 26°C for 15 mm, and the
activity then stopped by addition of the DCA-TSA
protein precipitant of pH 1.4.
Analytical procedure. A preliminary dilution de-
signed to attain a urine/plasma concentration ratio
near 1.0 and an estimated plasma concentration below
6 mg/100 ml is performed on urine and plasma samples,
if necessary. One volume of plasma, diluted urine
sample, working standard and distilled water (re-
agent blank) is mixed with 10 volumes of the buffered
l.OM DCA—0.3M TSA reagent. After standing for a
few minutes, the protein-containing samples are
centrifuged, or else filtered.
Aliquots of the 1: 11 supernatants or samples are
then mixed with an equal volume of 1% p-dimethyl-
aminobenzaldehyde—57% ethanolic reagent. The
color develops promptly and remains stable. After
five or more minutes standing, absorbanccs arc
measured in a photometer (e.g., Bausch and Lomb
Spectronic 20) at 450 nm, using the reagent blank to
set the photometer at zero absorbance. Concentration
of PAH, or other p-amino aryl substance, in plasma
or urine is calculated either 1) from the measured
absorbances, according to the Beer-Lambert law, or
2) from a standard working curve.
In renal clearance studies if the induced plasma
concentration is to be less than about 20 mg/l00 ml, a
plasma blank is determined on a sample of plasma
obtained before administration of exogenous PAH.
Urine blank analysis, expressed in mg/mm, can gen-
erally be neglected in clearance work involving PAH.
Results
Dichioroacetic acid—p-toluenesulfonic acid solution
as buffered protein—precipitating reagent. In order to
incorporate a buffer system of high capacity at a pH
of 1.0 to 1.6 into a simple method of preparing
protein-free filtrates or supernatants, dichloroacetic
acid was selected. Dichloroacetic acid (DCA) has a
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reported pK' of 1.29 [8] and the buffering capacity of a
buffer mixture is maximal at a value of pH equal to the
pK' of the acid component [9]. It was reasoned that
dichioroacetic acid should act much like trichloro-
acetic acid [10] as a protein precipitant.
Trichioroacetic acid, at total concentration near 4
or 5% [11], and its sodium salt cannot be used as a
buffer system of high capacity near a pH of 1.2 to 1.6.
Trichloroacetic acid has a pK' value of 0.65 [8] and,
furthermore, a 5% solution of free trichioroacetic acid
has an approximate pH of 1.0 [10], higher than its pK'
value.
Samples of normal human plasma were mixed with
10-volume DCA solutions of concentrations as high as
2.OM (25.8 g/100 ml) and centrifuged. However, the
supernatants commonly contained some visible tur-
bidity.
For a more satisfactory, buffered, protein-precipita-
ting reagent, TSA was investigated as an addition
precipitant in solutions of DCA. Combined solution
consisting of l.OM DCA and 0.3M (5.7 /100 ml) TSA
and containing as much as 0.9 sodium as neutralizing
ion produced supernatants of human plasma samples
(1: 11) which were similar in optical clarity to those
found with use of 5.5% trichloroacetic acid solution as
protein precipitant. The DCA-TSA supernatants of
plasma samples tested protein-free (sulfosalicyclic acid
test).
Accordingly, l.OM DCA—0.3 TSA solution of
appropriate low pH and buffered by the presence of
sodium salt of the acid component was selected as a
useful protein-precipitating reagent, for investigation
into the p-dimethylan-iinobenzaldehyde method of
analysis for p-amino aryl substances.'
Color formation from p-dimethylaminobenzaldehyde
and p-amino aryl substance. Morris [6] demonstrated
that, in the p-dimethylarninobenzaldehyde reaction
with sulfanilamide in acidic and ethanolic solution,
formation of colored produce was greatest at a dime-
thylaminobenzaldehyde concentration of 0.5 g/l00 ml
of the final mixture, at an ethanolic concentration of
27 to 28%. Therefore, we elected to employ a l.0
p-dimethylaminobenzaldehyde——57 ethanolic solu-
tion and to mix this reagent 1: 1 with buffered protein-
free samples of appropriate acidity.
Aliquots of standard solutions of PAH, which had
been diluted 1: 11 with 1.OM DCA—0.3M TSA reagent
of pH 1.4, were mixed with equal volumes of the above
p-dimethylaminobenzaldehyde reagent. The reaction
Old data provide a pK value of 1 for TSA [121. Thus, part of
the total buffering capacity in a 1.OM DCA—O.3M TSA reagent
of pH between 1 and 2 (made by the inclusion of NaOH) stems
from the TSA—sodium p-toluenesulfonate system. However,
TSA at a concentration under 0.05M cannot buffer at pH below
1.4 [131.
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Fig. 1. Linear relationship between photometric absorbance and
sample concentration of p-aminohippuric acid in the acid p-
dimethylaminobenzaldehyde reaction. The plotted concentrations
are the concentrations before 1: 11 dilution with the DCA-TSA
reagent of pH 1.4. Absorbances are measured at 450 nm in
cuvettes with plane parallel sides and of 1.166 cm sample path
length. Values represent the mean of duplicate analyses.
product of yellow color formed immediately, was
stable for at least three hours and had its absorption
maximum at 450 nm. The reaction product concentra-
tion for PAH related linearly to photometric absor-
bance at 450 nm, as shown in Fig. 1. This accords with
the Beer-Lambert law.
Absorbances and approximate millirnolar absorpti-
vities for PAH, sulfanilamide, sulfisoxazole, PAB and
PAS were determined similarly at 450 nm. These
results are shown in Table 1. Table 1 also reveals that
absorbances at 465 nm were 7 smaller than the
absorbances at 450 nm in the case of PAH and
sulfanilamide, but were essentially the same at both
wavelengths in the case of sulfisoxazole, PAB and PAS.
Measurements for sulfanilamide, sulfisoxazole, PAB
and PAS agreed also with the Beer-Lambert law. The
color reactions between these substances and dimethyl-
aminobenzaldehyde were also immediate and stable
with standing. Thus, all five of these arylamines can be
measured well by this technique at either 450 or 465 nm.
Variation of color with hydrogen ion concentration.
We investigated the effect of pH on color formation
between p-dimethylaminobenzaldehyde and five p-
.
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Table 1. Color development of various substances in the acidic p-dimethylaminobenzaldehyde reaction
Substance Orig sample conc
mg/loom!
A4500 Approx m
absorptivityc
Ratio of
A465/A450
p-Aminohippuric acid 4.0 0.516 47.180 0.93
Sulfanilamide 4.0 0.569 46.200 0.93
Sulfisoxazole 4.0 0.314 39.430 1.00
p-Aminobenzoic acid 4.0 0.721 46.510 1.02
p-Aminosalicylic acid 4.0 0.648 46.760 1.02
Urea 2000.0 0.397 0.022 0.20
Allantoin 1000.0 0.071 0.018 0.25
Creatinine 100.0 0.000 0.000 —
Indole 10.0 0.046 1.480 1.69
3-Methyl indole 10.0 0.020 0.495 0.75
5-OH lndole-3-acetic acid 10.0 0.010 0.360 1.20
lndole-3-acetic acid 10.0 0.000 0.000 —
Indoxyl sulfate 20.0 0.000 0.000 —
Glycine 200.0 0.000 0.000 —
L-Proline 10.0 0.000 0.000 —
Imidazole 680.0 0.000 0.000 —
L-Tryptophan 10.0 0.000 0.000 —
5-OH Tryptamine creatinine sulfate 20.0 0.000 0.000 —
Orig sample conc= the original concentration of the substance in the standard sample solution. Standard samples were
diluted 1:11 with DCA-TSA reagent of pH 1.4 before reaction with the p-dimethylaminobenzaldehyde reagent.
A =absorbance of the color reaction product in a Bausch and 1omb spectrophotometer (Spectronic 20) in a round
cuvette of 1.168 cm light path length; the subscript of A refers to the employed wavelength in nm.
This term is the approximate m absorptivity at 450 nm and at 25°C for one assumed reaction product, It was estimated
by dividing the A450 by the product of the m concentration of the original substance in the cuvette medium and the light
path length, in cm. The m absorptivity in cuvettes with plane parallel sides of 1 cm light path may be estimated by multi-
plying the approximate m absorptivity number by a correction factor, 1.02. which was found empirically.
amino aryl substances. Different degrees of high
acidity were studied by use of 1.OM DCA—0.3M TSA
reagents containing no or various amounts of NaOl-l,
in place of the standard reagent of pH 1.4.
Results are illustrated in Fig. 2. For PAH, color
formation and absorbance were maximal at a pH
zone from 1.1 to 1.5; absorbance decreased markedly
at pH below 1.0 or at pH above 1.7. The colored
product formed from PAH was not perfectly constant
at pH between 1.7 and 2.1, in contrast to the data of
Bran [7].
The pH for maximal color development was near
1.1 in the case of sulfanilamide, PAB and PAS. This
color formation was slightly greater at pH 1.1 than at
pH 1.4 (see Fig. 2). In contrast to the colored complex
formed with these other arylamines, color formation
from sulfisoxazole was somewhat greater for pH 0.55
than for pH 1.1. In the routine analysis of PAB, PAS
of sulfonamides such as sulfanilamide or sulfisoxazole,
therefore, it would appear preferable to employ a
buffered DCA-TSA reagent of pH 1.1 rather than one
of pH 1.4. However, such is not preferable for urine
analyses, since endogenous urinary blank substance
yields disproportionately much more color formation
at pH 1.1 or less than at pH 1.4, than do any of these
four arylamines (see following).
Our results on the variation of color formation with
pH refer to the p1-i of the buffer reagent used to dilute
the working sample 1: 11 prior to mixture with
ethanolic reagent of dimethylaminobenzaldehyde.
Measurement of the pH of the final color reaction
mixture revealed an ethanol-induced increment of
0.4—0.5 pH units, with concurrent shifting of the region
of maximal buffering (tested by addition of alkali [9])
of the reagent system similarly 0.4 to 0.5 U of pH
higher. These higher pH values resulted, apparently,
from the effect of decreased dielectric constant of the
solvent (water-ethanol), which reduces the ionization
constant of dissolved acid [14].
Spec(flcity of the chromogenic p-dimethylamino-
benzaldehyde reaction. The methods of Bratton and
Marshall [1, 4] and of Smith [2, 3] are not specific for
p-amino aromatic substances. Free primary o- and m-
amino aromatic compounds, phenols, tryptophan and
indican also give colored reaction products in analyses
employing diazotization [2, 15—17]. The p-dimethyl-
aminobenzaldehyde reaction in acidic medium is also
not specific for primary p-amino aromatic substances.
Under certain specific conditions of acidity, etc.,
colored products form from reaction of this aldehyde
with tryptophan [18], indoles [19], porphobilinogen,
urobilinogen, and bilirubin [19—21], urea [19, 22],
allantoin [22] and even aliphatic amino acid, such as
glycine [22].
Measurement of p-aminohippurate 433
1.0 2.0 3.0
pH
Fig. 2. Reaction product absorbances of p-amino aromatic
compounds with p-dimethylaminobenzaldehyde as a function of
low pH. Arylamine standards of 4 mg/l00 ml were used. Plotted
pH values are the initial pH values of the employed DCA-TSA
reagents. Absorbances are measured at 450 nm. PAH=p-
aminohippuric acid; PAB =p-aminobenzoic acid; PAS =p-
aminosalicylic acid; SULFA = sulfanilamide; SULFI =sulfis-
oxazole.
As shown in Table 1, by our analytical procedure,
no measurable color was yielded with even much
higher than physiological sample concentrations of
creatinine, glycine, imidazole, proline, tryptophan,
5-hydroxytryptamine, indole-3-acetic acid and indican.
5-Hydroxyindole-3-acetic acid, indole, and 3-methyl
indole at very high concentration (10 mg/lOO ml)
yielded very slight color. Alantoin (1.0 g/lOO ml)
formed minimal colored product. On the other hand,
urea in a concentration frequently present in undiluted
urine samples (2.0 g/100 ml) produced significant
absorbance, but the estimated millimolar absorptivity
of the chromogen was about 2,000 times smaller than
those found for the five tested p-amino aromatic
substances (see Table 1).
The slight absorbance yielded by 5-hydroxyindole-3-
acetic acid and by allantoin as chromogen represented
a concentration of this serotonin metabolite and a
concentration of allantoin which are about ten times
and about 1200 times higher, respectively, than those
found in average normal human urine [23]. In the dog,
in which species allantoin is a major excretory product
of purine metabolism, allantoin should contribute
negligibly to values for endogenous chromogen in
undiluted urines, since the concentration of allantoin
in undiluted dog urine is generally 5 to 25 times less
than our tested allantoin concentration of 1 g/100 ml
[24]. Therefore, with the exception of urea at concen-
trations above about 100 mg/lOG ml and the possible
exception of bilirubin or other pyrrole derivates,
samples of biological fluids would appear to contain
negligible amounts of defined substances which may
interfere in analysis for p-amino aryl compounds by
our technique.
The N-conjugated (acetylated) form of sulfanilamide
does not undergo color formation with dimethyl-
aminobenzaldehyde [6, 11]. We confirmed that
N-acetyl forms of p-amino aryl substances do not
react positively with color formation. Samples con-
taining N-acetyl-p-aminophenOl (acetaminophen) in a
concentration of 100 mg/lOO ml failed to give color
formation in our acidic reaction method with p-
dimethylaminobenzaldehyde.
Recovery experiments. Recovery of PAH from
plasma, with use of the DCA-TSA protein-precipitat-
ing reagent of pH 1.4 and use of the ethanolic aldehyde
reagent, was investigated at two concentrations.
Recoveries of PAH from five samples of human
plasma, at added concentration of 2.0 mg/100 ml or
40.0 mg/100 ml, were complete (99.8 1.0%; mean
SD). Recoveries of PAH from five individual urine
samples, at 50.0 mg/lOO ml, averaged 99.7 3.09%
(mean SD). Recoveries of sulfanilamide, sulfisoxa-
zole, PAB and PAS from plasma samples at 20 to 40
mg/lOO ml and from urine samples at 25 to 50 mg/
100 ml also averaged 100%.
Endogenous blank values for plasma and urine.
Employing the described analytical procedure for
PAH, the endogenous blank values for plasma con-
centration and for urinary excretion rate of substance
measurable as PAH were determined in six different
experiments. Specimen samples were obtained volun-
tarily from ambulatory human subjects. The results
are shown in Table 2.
Endogenous agent in plasma which formed color in
reaction to the p-dimethylaminobenzaldehyde averaged
low at 0.117±0.058 mg/100 ml (mean±sD), ex-
pressed as PAH. However, part of the total blank
plasma absorbance was caused by preformed chro-
matic substance in the plasma, which absorbed at
450 nm independent of inclusion of p-dimethyl-
aminobenzaldehyde in the ethanolic solution as re-
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Table 2. Endogenous values of plasma and urinary excretion rates of endogenous substances in the acidic p-dimethylaminobenzaldehyde
reaction
Plasma
sample
Total plasma hlank,a
ing oJ PAH/100 ml
Plasma developed
chromogen,
mg of PAH/100 ml
Urine
Sample
Excretion rate,
total blank,a
mg of PAH/min
Excretion rate,
developed chromogen,
,ng ofPAH/min
A1 0.190 0.150 A1 0.045 0.040
A2 0.264 0.188 A2 0.044 0.041
B1 0.200 0,128 B2 0.043 0.041
B2 0.199 0.140 C1 0.020 0.019
C1 0.147 0.039 C2 0.023 0.022
D1 0.088 0.056 D1 0.041 0.039
Mean±sD 0.181 0.117±0.058 0.036±0.012 0.034±0.011
a The total blank values represent the values of the endogenous substances present which yield color formation in reaction to the
p-dimethylaminobenzaldehyde plus the residual material in the samples which absorbs at 450 nni, independent of the reaction with
p-dimethylaminobenzaldehyde. Values are expressed as if the chromogenic material were PAH.
agent. This fraction ranged from 21 to 73% of the
total plasma blank values, which averaged 0.181
0.072 mg/100 ml (mean SD).
In six instances with four different individuals,
timed two-hourly urine collections were made. The
urinary excretion of total endogenous substances
measurable as PAH blanks averaged very low, at
0.036±0.012 mg/mm (mean±sD). In contrast to
plasma, almost all of these values for urine resulted
from endogenous chromogen in the urine. The excre-
tion rates of this endogenous chromogen averaged
0.034 0.011 mg/mm (mean SD), calculated as PAH.
Nevertheless, the urinary endogenous blank in our
aldehyde method can be wholly neglected in human
renal plasma clearance studies, since at an induced
plasma PAR concentration of 2 mg/100 ml and with
a normal clearance in man of 600 mI/mm, the urinary
excretion rate of PAH equals 12 mg/mm (P'C=
UV)—much more than an endogenous total blank
substance excretion rate of less than 0.05 mg/mm.
The endogenous blank values of normal plasma and
normal urine for PAH found by our technique are
somewhat higher than the values of 0.0 to 0.10 mg/
100 ml and of 0.002 to 0.037 mg/mm, respectively,
reported by Smith et a! [2] in the diazotization method
of Bratton and Marshall. However, blank values be-
tween 0.1 and 0.5 mg/100 ml have been claimed for
normal human blood in the Bratton-Marshall
reaction [4].
Since standard solutions of urea in a concentration
of 2 g/100 ml yielded much color in reaction to p-
dimethylaminobenzaldehyde, it was suspected that the
urea contained endogenously in urine largely accounted
for the observed excretion rates of endogenous chro-
mogen. Unlike PAH, color formation both from
endogenous chromogen in urine and from standard
urea solution was much greater at more acid pH levels
than 1.1. Furthermore, the absorbances of colored
reaction product were very much less at 465 nm than
at 450 nm, as shown for urea compared to PAH in
Table 1.
Therefore, samples of undiluted urine were pre-
treated with urease solution, in order to remove
enzymatically the contained urea before analysis of the
urine samples for color reaction with the aldehyde
reagent. In two experiments, urease activity removed
the endogenous urinary substance which yielded 87
and 92%, respectively, of the total color reaction
measured at 450 nm, with use of reagent of pH 1.4.
It is concluded, therefore, that urea is the endogenous
substance which yields most of the colored reaction
product measurable as PAH in normal human urine
and which is responsible for most of the low excretion
rates of endogenous blank substances, expressed as
PAH, in our standard analytical procedure for
p-amino aryl substances.
Heat stability of buffered solution of DCA and TSA.
Analyses for N-conjugated (acetylated) forms of p-
amino aromatic substances are commonly performed
by acid hydrolysis of the conjugate at 90 to 100°C and
by measurement of the freed primary arylamine [1, 2,
4, 6, 15]. The use of filtrates containing trichloro-
acetic acid is unsatisfactory because of decomposition
of the trichloroacetic acid on heating and lessened
acidity [6, 25].
The possibility arose that our DCA-TSA protein-
precipitating reagent, buffered at pH of 1.4, might be
heat stable and, therefore, of potential use as a con-
venient acid hydrolyzing agent for N-acetylated
arylamines. The heat-treated solution might, then, be
used directly at the same controlled pH in analyses by
the p-dimethylaminobenzaldehyde reaction for N-
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conjugated arylamines. The following experiment
revealed that the pH of our buffered DCA-TSA re-
agent solution is stable to heat treatment, with lack
of appreciable decomposition of the contained di-
chioroacetic and TSA acids.
Aliquots of the DCA-TSA reagent of pH 1.4 were
heated in a boiling water bath for periods as long as
2+ hr. After cooling and restoration of original volume
by addition of distilled water, pH was redetermined.
No appreciable change (<0.03 pH U) in pH was
found.
Discussion
This paper has described and validated a simple,
rapid and sensitive photometric method for the
determination of PAH, sulfonamides, PAB or PAS in
biological fluids. The method incorporates DCA both
as a protein-precipitating agent and for a buffer system
of high capacity at very low pH. A search of the litera-
ture revealed the use of DCA and sodium dichioro-
acetate once before as a buffer system at high acidity
[261.
In terms of estimated molar absorptivities, the
sensitivity of the method in analysis for PAH, sul-
fanilamide and PAB is close to the previously re-
ported sensitivity of the Bratton-Marshall method [4].
We have also compared directly the sensitivity of our
method for the determination of PAH in DCA-TSA
supernatants, by concurrent measurements of PAH in
5% trichloroacetic acid supernatants by the methods
of Bratton-Marshall [1, 4] and of Smith [2, 3]. In
unpublished experiments, absorbances were about 25
and 14% greater with the Smith method and with our
method, respectively, than the absorbances found with
use of the Bratton-Marshall method (without use of
HCI in the reaction mixture).
The described procedure calls for a preliminary
dilution of the biological sample if the concentration
of arylamine exceeds about 6 mg/100 ml. The solu-
tions with developed color may not be diluted simply
with water for the photometry, because of the rever-
sible nature of the colored Schiff base reaction [6].
However, testing has shown that colored solutions
with excessive absorbances can be diluted simply with
the final reagent blank solution, or with a 1: 1 mixture
of the DCA-TSA reagent and of the ethanolic aIde-
hyde reagent. Such diluted colored solutions produce
proportional absorbance values for quantitation.
Measurements of both PAH and creatinine are often
desired in renal function studies. Supernatants ob-
tained by use of the DCA-TSA reagent as protein
precipitant of plasma samples can be used directly in
the alkaline picrate method for the determination of
creatinine. Merely, extra equivalents of NaOH are
required in the alkaline picrate method, in order to
neutralize the DCA-TSA supernatant of high acidity.
p-Aminosalicylic acid cannot be determined by the
Bratton-Marshall method [4]. We have confirmed
this with use of the Smith modification of this method.
On the other hand, our aldehyde method, of high
sensitivity for PAS, can be used in place of the
relatively complicated method of Rieder [27, 28] for
PAS analyses.
It is noteworthy that endogenous concentrations of
indican cause interference problems when certain
antimalarial drugs are measured in urine bythe method
of Bratton and Marshall at pH near 1.2 [17]. To
obviate this, Maren and co-workers [5, 171 modified
the Bratton-Marshall method by use of a buffered
solution of pH 2.35. In contrast, indican does not
cause interference problems in our aldehyde method
for arylamine analyses.
It remains to mention briefly a similar chromogenic
aldehyde reaction, recently described by Shirakata and
co-workers [29] in a impIe method to determine PAH.
p-Dimethylaminocinnamaldehyde is employed in
99.5% ethanolic solution, which is used also as pro-
teinprecipitating reagent. We have had no experience
with this method.
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